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ABSTRACT
The Pennsylvanian Hartshorne Sandstone crops out in an east trending belt across central
Arkansas immediately north of the Ouachita orogenic belt and south of the Boston Mountains.
The unit, composed of massive to cross bedded sandstone ranging to 150m in thickness, was
deposited by a west-flowing river system that extended from central Arkansas to southeastern
Oklahoma. The source of the sediment has been extensively discussed but not completely
established. The object of this thesis is to constrain the source area and terrain based on thin
section mineralogy and texture. Thin sections were prepared from outcrops in the Arkoma Basin
and were selected from a collection of 45 thin sections for analysis utilizing a petrographic
microscope and petrographic analytical techniques.
The Hartshorne Sandstone is composed of quartzose phyllarenite with small amounts
amounts of plagioclase and orthoclase feldspar in addition to accessory minerals including
zircon, tourmaline and muscovite. Metamorphic rock fragments composed of phyllite dominate
the lithic components, schist fragments occur but are rare.
The uplands north of the Arkoma basin are uniformly composed of sandstone composed
of quartzarenite interbedded with shale and limestone. Metamorphic rock fragments are rare or
absent. Sandstones that compose the Stanley Formation (Mississippian) and the Atoka Formation
(Pennsylvanian) of the frontal Ouachita Mountains contain abundant lithic fragments (Atoka)
and feldspar (Stanley). The lithic composition of the Stanley and the Atoka is consistent with the
lithic composition of the Hartshorne. This suggests that the Hartshorne sediments were sourced
from adjacent exposures of the Stanley and Atoka formations south of the Arkoma Basin and
that early uplift of the Frontal Ouachitas were instrumental in confining the Hartshorne River
system to a westward direction across the incipient Arkoma Basin early in Pennsylvanian time.
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1. INTRODUCTION
The Desmoinesian Hartshorne Formation of the Arkoma basin consists of sandstone,
siltstones, shales and coal beds. Taff (1899) first named this formation for the town of
Hartshorne in Oklahoma because of the representative exposures.
Combined with regional tectonic history and stratigraphiy, the primary objectives of this
investigation are to evaluate the Hartshorne petrogenesis to infer the provenance of Hartshorne
sand by evaluating transportation process and the diagenetic controls on compositions. This
research will also help further understand the deposition and diagenesis processes within the
Arkoma Basin.

1.1 Purpose of the Investigation
1. To analyze existing microscopic thin sections collected from different places within
study area and determine their composition.
2. To find the lateral distribution of mineral compositions.
3. To improve the understanding of petrogenesis of Hartshorne Formation and establish
a model of the source of Hartshorne sediments.

1.2 Methods
The method I used includes outcrop analysis, sample collecting, thin section analyzing
and point counting. There are 21 sample locations from Hartshorne exposures within the
southeastern Arkoma Basin by three previous researchers. The list of sample locations is
provided in appendix A. The thin section analyzing process was finished to help master a rough
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understanding of Hartshorne sandstone characteristics for further research and the point counting
method is used to detailed describe the Hartshorne sandstone compositions.

1.3 Previous Works
Previous works involved in the Hartshorne Formation in the Arkoma Basin include
several papers and theses. Most of the investigations concerned the research of stratigraphy and
structure of Hartshorne rocks in order to understand the relationship with economic value of
Hartshorne coal bed or evolutionary history since the distribution of Hartshorne Formation varies
from Arkansas to Oklahoma within the basin.
The first description of the Pennsylvanian Hartshorne Formation was written by Taff
(1899). He introduced the name as the formation is typically exposed in the town of Hartshorne,
Oklahoma.
Early works by Hendricks, et al. (1936) and Hendricks (1937) provide general
descriptions of Hartshorne lithologic distribution and stratigraphic relevance throughout the
Arkoma Basin. In 1937, Hendricks and Parks provided the geologic definition of the Hartshorne
Formation in Arkansas. The formation was redefined in Oklahoma by them in 1950.
Croneis (1930) published a paper which offered the first comprehensive description of
the Arkansas Paleozoic Area. Haley (1961,1966,1968, and 1971), Hendricks and Parks (1950),
Merewether (1967, 1972) provided useful summaries of typical Hartshorne exposures in various
localities in Arkansas, along with available geological maps, structural and stratigraphic cross
sections, and lithologic descriptions of Hartshorne and related formations by analyzing
subsurface cores from oil and gas wells.
According to several authors’ research about depositional environments. The Hartshorne
Formation is a fluvial- dominated depositional system (Merewether, 1972; Glick, 1975). Further
2

works by Hendricks and Parks (1937), Steyaert (1980), Zaengle (1980) and Kuhn (1981)
concluded that the Hartshorne Formation formed in a fluvial deltaic environment. Zaengle
(1980), Steyaert (1980) and Kuhn (1981) divided the Hartshorne Formation into several
sedimentary facies and offered evidences for the deposition in a tidally influenced, high
constructive delta system.
Petrologic research of Hartshorne sandstones was used to determine the provenance.
Hendricks (1937) stated that a major source for Hartshorne detritus existed southeast of the
Arkoma Basin which was in and beyond the Ouachita orogenic belt. Piles (1955) and Sherman
(1955) studied the heavy minerals within the Arkoma Basin to postulate a possibility that the
Atoka sandstone could be one of the primary sources for the Hartshorne sandstone. Lines (1956)
found some definite systematic lateral or vertical variation in grain size and composition to
enhance the understanding of Hartshorne sandstone provenance. Glick (1975) suggested a
northern and northeastern source for the sand. Based on paleocurrent measurements and
petrographic analysis, Zaengle (1980) and Steyaert (1980) and Kuhn (1981) provided more
evidences for two possible source areas by describing the deposition, transportation and
petrogenesis process.
To date, no comprehensive investigation has been undertaken to depict the depositional
environment and the Hartshorne Sandstone provenance related to the variation of its
composition.
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2. GEOLOGIC SETTING

2.1 Study Area
The area for this investigation is located in the southeastern portion of the Arkoma Basin
in Arkansas. It covers the southern portion of Johnson and Franklin counties, as well as
Sebastian, Logan, and the northern part of Yell and Scott counties (Figure 1).

2.2 Arkoma Basin Tectonic History
The Arkoma Basin is a classic east-west elongate peripheral foreland basin (Suneson,
2012) that extends from south-central Oklahoma eastward 400 km to west-central Arkansas. The
basin is bounded by the Ozark uplift to the northeast, the Oklahoma platform to the northwest,
the Arbuckle Mountains to the southwest, the Ouachita Mountains to the south and the Gulf
coastal plain to the east (Figure 2).
The Arkoma Basin is one of seven foreland basins that formed along the North American
side of the Ouachita and Appalachian Mountain systems. Many of the folds in the Arkoma basin
were formed by the collision between the North America and the Sabine Terrane. The most
intensive compressive force occurred in the Ouachita Mountains and its effects gradually toward
north and northwest. Based on work by Houseknecht (1986), involving consumption of oceanic
crust and lithosphere led to the most used tectonic scenario (Figure 3).
Figure 3A shows that at the latest Precambrian or earliest Palaeozoic, the expanding of
undivided continental crust resulted in the opening of an oceanic basin which was caused by a
major uplift (Thomas, 1977). Thereafter, the south margin of North American continent
developed into an Atlantic type margin during late Cambrian to early Mississippian time (Figure
3B).
4

Figure 1. Map of study area (Modified from the Arkansas state base map).

Figure 2. Study area depicted on the Arkoma Basin map.
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From early Mississippian to earliest Atokan time (Figure 3C), the oceanic crust stopped
expending but subducted beneath the Sabine terrane plate. The Ouachita orogenic belt started to
form associated with this southward inclined subduction zone. By the early to middle Atokan
time, the subduction zone constantly reduced the remnant oceanic crust and the south side of the
continental margin of North American plate was obducted by the northward subduction complex.
East trending normal faults that are parallel to Ouachita orogenic belt occurred in foreland part
due to flexural bending of southern margin of North American continent (Figure 3D). The
deposition of earliest Paleozoic to earliest Atokan strata was covered by lower to middle Atokan
strata which represent a crucial transition from passive margin sedimentation to foreland basin
sedimentation. During the late Atokan to Desmoinesian time, the advancing subduction zone
continually pushed northward to promote the formation of Ouachita Mountains as well as the
foreland-style Arkoma Basin which filled by shallow marine, deltaic and fluvial sediments
(Figure 3E). Thus, the basin is characterized by east-trending down-to-the-south normal faults
which affect Early Pennsylvanian and older rocks (Alrefaee, 2012).
In contrast to Houseknecht, Mickus and Keller (1992) published an alternative theory of
the tectonic history in the Ouachita Mountains area based on a gravity model constrained by
available seismic, drill hole and geological data. The lithospheric transect model is shown as
figure 4. The densities of different areas in different depth indicates that there was no substantial
collision between the North American plate and the Sabine block. Deformation which was
caused due to Ouachita orogeny during the Pennsylvanian Period can be noted by the maximum
thickness of 14 km of Arkoma Basin sedimentary rocks containing marine and non marine
clastics. Similar density values of lower Paleozoic and upper crust indicates that sedimentary
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Figure 3. Cross sections showing tectonic evolution of Arkoma basin and Ouachita orogenic
belt, modified from Houseknect (1986).
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Figure 4. Lithospheric transect model. Numbers are densities in g/cm3. All interfaces in crust beneath
area of PASSCAL-COCORP surveys are constrained primarily by seismic data.

unit that are formed separately under Ouachita Mountains belong to upper crust within the
Arkoma Basin area.The sedimentary rocks of Ouachita facies have a deep water depositional
environment and went through low-grade metamorphism. The Ouachita facies allochthonous
sedimentary rocks deposited on oceanic transitional crust then thrusted and folded northward
during the Ouachita orogeny that led to great thickness of 15 km. Instead of colliding between
Sabine Terrane with North American plate, the relatively thick continental crust which is located
to the south of Ouachita facies probably collided with North American continent during the
Ouachita orogeny.
Sedimentary rocks in the Arkoma Basin are composed of marine carbonate, organic-rich
shale, and deltaic and coastal sediments of sandstone, shale and some coal that totally range in
thickness from 900 to 6,000 meters (Perry, 1995).

2.3 Arkoma Basin Stratigraphy
The three formations that are important to this study in the eastern Arkoma Basin are
included in Pennsylvanian column shown as figure 5. Hendricks and Parks (1937) defined the
Hartshorne Formation as the first continuous sandstone underneath the Lower Hartshorne coal
that belongs to the overlying McAlester Formation in Arkansas. The formation was redefined by
Hendricks and Parks (1950) in Oklahoma. The lower Hartshorne Sandstone in Oklahoma is
equal to the Hartshorne Formation in Arkansas (Wood, 2004). However, the coal bed which is
assigned to the McAlester formation in eastern portion of Arkoma Basin in Arkansas is separated
into two coal beds by the upper Hartshorne sandstone in the western Arkoma Basin in Oklahoma
(Figure 6).
Thus, the Hartshorne Formation is divided into a lower member of sandstone and a lower
coal bed, an upper member containing an upper sandstone and an upper coal bed assigned to the
9

McAlester Formation (Houseknecht et al., 1983) shown in figure 6. Based on previous field
examination, the upper part of the Atoka and the lower part of the McAlester are genetically
related to the Hartshorne Formation, as they are synthesized in Hartshorne depositional model
(McQueen, 1982).

Atoka Formation
The Atoka Formation is a sequence that is overlain by the Hartshorne Formation that
consists of marine and non-marine type shales, siltstone, and sandstones (McQueen, 1982). It has
thickness of 300 meters in the north and greater than 3000 meters in the south (Merewether,
1961; Sullivan, 1966). The Atoka Formation can be subdivided into upper, middle and lower
members. (Zachry, 1983).
The lower portion of the Atoka Formation has a turbidite origin and is typically
composed of black marine shales interbedded with sandstones. Deposition occurred in deltaic
and fluvial systems (Steyaert, 1980, McQueen, 1982). The upper Atoka Formation, sediments
developed were deposited in a shallow marine to and tidal-flat environment represented by
predominately coal-bearing shallow marine sandstone and shale facies. Poorly preserved fossil
plants and invertebrate fossils are sparsely spread throughout the Atoka Formation.

Hartshorne Formation
The uppermost Atoka Formation has a genetic relationship to the overlying Hartshorne
Formation and the contact between these two formations has been interpreted as a conformable
contact (Hendricks, 1937), a minor unconformity (Haley, 1961a), a locally unconformable
contact (Frezon, 1962), unconformable (Haley, 1968) and a disconformity (Merewether and
Haley, 1969). The Hartshorne Formation is the oldest unit of the Krebs Group in the
Desmoinesian Series (Figure 5).

10
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Figure 5. Stratigraphic column of Pennsylvanian rocks in
the study area (Steyaert, 1980).

Figure 6. Schematic summary of Hartshorne
stratigraphy (Houseknecht et. al., 1983).

The Hartshorne Formation in the Arkoma Basin has two different sedimentary structures,
it exists as a sandstone unit with a coal bed at the top in west- central Arkansas. Lithologically,
the Hartshorne Formation is predominately sandstone with interbedded siltstone and shale, but it
is varied with its thickness rangeing between a few meters and 100 meters from north to south
(Kuhn, 1981). It is a relatively coarse grained, clean and thickly bedded where the Hartshorne is
thick, sandstone that is fine grained, thinly bedded and interbedded with shales can be found
where the Hartshorne is thin (Hendricks and Parks, 1950). A few fragmental plant fossils also
have been reported within the formation.
The Hartshorne Formation is assumed to be the earliest development of transitional to
non-marine facies in the Arkoma Basin and has a fluvial origin. According to the grain size and
compositions analysis of samples from Arkansas Valley in eastern Arkoma Basin , Lines (1956)
drew a conclusion that tidal currents toward north and south in the embayment are vital factors to
the Hartshorne sandstone deposits by Ozark uplift and the Ouachita orogenic belt.

McAlester Formation
The McAlester Formation in the study area conformably overlies the Hartshorne
Formation. The base of the McAlester Formation is defined as the top of a sandstone or siltstone
of the Hartshorne and the upper Hartshorne coal bed is in the lower portion of McAlester
Formation. Its thickness has the same tendency as underlying Hartshorne and Atoka increases
from 152 to 244 meters southward. Predominately black shale interstratified with sandstone,
siltstone and coal beds comprise the McAlester Formation. Plant and a few invertebrate fossils
have been noted from several horizons in the formation.
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3. METHODOLOGY OF INVESTIGATION

3.1 Sample Collection
Samples collected for this study within eastern Arkoma Basin has a thickness of
approximately 30 meters. These samples were collected from surface Hartshorne exposures at 21
locations across the Arkansas Valley from north to Harmony section, south to Sugar Creek
section, west to Hackett section and east to Dardanelles section, with a 3-meter interval at each
location (Appendix A). Five sections were collected by Sherman (1955), four sections were
collected by Piles (1955), twelve sections were collected by Lines (1956).

3.2 Thin Sections Analysis
These 21 thin sections were observed with Motic polarizing microscope under plane
polarized and cross polarized light. The components were analyzed and recorded the mineral
compositions. A Lica microscope was used to take some special micrographs that contain unique
or unusual petrologic characteristics from the most northern, southern, eastern, western and
central locations within study area for further study.

3.3 Point Counting
Point counting is a statistic technique of describing rocks in an unbiased and quantitative
way. It involves recording what can be seen exactly at each point viewed within a large number
of points (usually more than 300) then group and describe the composition in details (figure 7).
Modal analysis by point-counting is discussed as a stochastic sampling process dictated by the
influences of grid distance and grain transition probabilities (Neilson and Brockman, 1977).
Gazzi -Dickinson method is commonly used counting sandstone thin sections to infer tectonic
13

processes since Dickinson and others (1983) came up with a conclusion of sandstones derived
from similar source rocks under similar conditions will have similar compositions.

Figure 7. Point counting schematic.
Possible source of errors in Point Counting:
1. Misidentification of minerals or grains, or counting bioclasts as ‘carbonate'
2. Not counting volumetrically small components
3. Choosing a small step size, compared to the grain size
4. Not sampling the rock enough
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4. HARTSHORNE OUTCROPS IN THE EASTERN ARKOMA BASIN, ARKANSAS
Location 1: The outcrop is located approximately three miles southwest of the town of
Greenwood. It is at a road cut along State Highway 71 in section 23, T. 6N, R. 31W. At this
outcrop, the Hartshorne Formation as well as overlying McAlester and underlying Atoka
Formations all dip north and the beds are almost vertical. The first three photos are outcrops on
the west side of the road.

Figure 8. Hartshorne Formation on the southern side of the Greenwood syncline.(Photo by Yin,
2016)
Hartshorne Sandstone can be recognized as part of depositional succession which was
deposited in a river system is the beginning in the Hartshorne. The thickness of the Hartshorne
Sandstone here is as thick as it is in anywhere else in Arkansas. The Hartshorne sandstone is
15

made up of multiple channels. A view up the outcrop, one can notice the curvature at the base of
some of the channels.
The Hartshorne Formation is a massive to medium bedded sandstone while the upper
Hartshorne coal bed which belongs to lower portion of McAlester Formation is expressed
(Figure 9). The coal bed in Oklahoma or other areas in Arkansas is gets up to 1.8 meters thick
and has been mined.

McAlester Formation

Hartshorne Formation

Figure 9. Hartshorne Sandstone and Hartshorne No. 1 coal in the McAlester Formation along
highway US 71. View is to the west and north is to the right. (Yin, 2016)
The contact between Hartshorne sandstone and Atoka shale is shown in Figure 10. The
left part of the contact that is darker and more shaly is the top of Atoka shale that was deposited
in a marine environment.
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Atoka Formation

Hartshorne Formation

Figure 10. The contact between a shale unit in the Atoka Formation and the overlaying
Hartshorne Sandstone along Highway US 71. North is to the right. A shale unit in the upper
Atoka is overlain by a cross bedded fluvial sandstone unit in the lower Hartshorne
Formation.(Yin, 2016)
A close look at Hartshorne Sandstone to the east side of the road cut (figure 11).
Crossbedding are very well oriented with flow to west. Individual channel structures are stacked
on each other. Each flood brought through these sand waves, deposited the sediments, eroded the
channel then another one came through, deposited on top and eroded and so on. A curved
channel base is illustrated in the photo.

17

Curved channel base

Figure 11. A nested channel one of many in the lower Hartshorne Formation. Cross stratification
orientation indicates that the current was flowing to the west. North is to the left.(Yin, 2016)

Location 2: The outcrop is located approximately one and half miles north of the location
1. It is also in a road cut along State Highway 71 in section 23, T. 6N, R. 31W. At this outcrop,
the Hartshorne Formation as well as overlying McAlester and underlying Atoka Formations all
dip to south since it located on the north shelf of the valley. Three formations can be easily
distinguished (Figure 12).

18

McAlester
Formation

Hartshorne
Formation

Atoka
Formation

Figure 12. Hartshorne Formation on the northern side of the Greenwood syncline. Location is
approximately 1.5 miles north from the southern side of the Greenwood syncline. View is to the
west. The sandstone is thinner than on the southern side of the syncline. The unit is marginal to
the main channel depicted in the previous photographs. (Photo by Yin, 2016)
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5. HARTSHORNE DEPOSITIONAL ENVIRONMENTS

5.1 Introduction
It is important to analyze sedimentary facies by their specific lithology, stratigraphic
associations, geometry and sedimentary structures to interpret the environment of deposition.
Fisher et al. (1969), Coleman and Wright (1975) and Galloway (1975) differentiated highly
constructive deltas from highly destructive modern deltas, the former is dominated by fluvial
processes while the latter is characterized by wave and tidal influences. In order to reconstruct
the delta type of ancient rocks, it’s necessary to understand depositional processes by analyzing
vertical and lateral facies relationships and sand body geometry. Based on these interpretations,
numerous authors (Houseknecht, et al., 1983) described the Hartshorne Sandstone of the Arkoma
Basin as deposited in highly constructive, tidally influenced delta system which prograded from
east to west in an elongate, foreland basin during the Ouachita orogeny.

5.2 Hartshorne Facies
Individual facies as well as their relationships need to be recognized to interpret and
reconstruct the Hartshorne depositional system (Figure 13,14). Within the study area, the upper
Atoka, Hartshorne and the lower McAlister Formations have the similar environments for
sandstone, shale and coal deposition. The Hartshorne is comprised of prodelta, delta front and
delta plain facies. Based on numerous authors’ work (Houseknecht, et al., 1983), the
subenvironments of Hartshorne depositional environment can be divided into prodelta, deltafront, distributary channel, interdistributary-bay, crevasse-splay, marsh and swamp facies.
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Figure 13. Diagram of deltaic model showing facies and facies relations (Steyaert, 1980).
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Prodelta Facies
In the Hartshorne depositional system, the prodelta facies occurs in parts of the upper
Atoka Formation that comprise very fine grained, medium gray to black, laminated siltstones and
mudstones. That were deposited at the base of delta front in the deepest water. The color
variation represents the amount of organic material content. The parallel laminated feature
characterized the facies and reflect the sedimentation from suspension while the lenticular
laminated feature reflects the wave and tidal influence. The slight grain size variation is related
to fluctuations in suspended sediment supply. The absence of fossils, rare horizontal burrows and
abundant plant debris can be found in prodelta facies suggesting a high rate of sedimentation
(Houseknecht, et al., 1983).
Delta-Front Facies
Delta-front facies in the Hartshorne delta system is distinguished from prodelta facies by
the coarsening upward sequence in grain size. The lithology of delta-front facies is
predominantly interbedded siltstones and fine sandstones. This facies occurs within portions of
the upper Atoka Formation and figure 14 shows the Hartshorne delta front facies that can be
divided into distal delta front and proximal delta front subfacies.
The distal delta front subfacies have the silty shale-siltstones interbedded with very fine
sandstones and siltstones that coarsen upward into lenticular and flaser bedded sequences with
sandstone content increasing. The distal delta front sandstones are interpreted as a result of
sediment laden traction currents discharged from the distributary during floods (Zaengle, 1980).
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Distributary
Channel

Interdistributary Bay

Delta Plain Coal

Figure 14. A distinct vertical sequence of facies in Hartshorne deltaic system including delta
front facies, distributary channel facies, interdistributary bay facies and marsh and swamp facies.
Photo shows the Greenwood outcrop long west side of highway US 71. (Photo by Yin, 2016)
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The Hartshorne proximal delta front can be identified as distributary-mouth-bar subfacies
which comprise fine to medium grained sandstones (Figure 15). The transition zone from distal
delta front to proximal delta front is indicated by the erosional scour marks. Trough cross
bedding occurs dominantly in distributary mouth bar sedimentation and other sedimentary
structures such as ripple cross-bedding and micro cross bedding also can be noted as the result of
discharge fluctuations. These sedimentary structure indicate various energy level within the delta
front facies. The ripple bedded sandstones suggest sediments that were deposited in shallow
water of a distributary mouth bar were influenced by marine and fluvial processes.

Figure 15. An illustration of proximal delta front subfacies at the Greenwood Hartshorne
outcrop, view is to the west. Cross bedding structures can be observed. Photo by Yin, 2016.
Distributary Channel
Hartshorne distributary channel facies is the thickest accumulation in the Hartshorne
Formation that consist of predominantly medium grained and well sorted sandstone (Figure 16).
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This facies appears commonly in the Hartshorne outcrops and sandstones interbedded with silty
shales and siltstones are major components. Unidirectional trough and planar cross bedding are
predominant sedimentary structure observed in distributary channel facies. In some outcrops,
nested channel features can be found by erosional surfaces on top of old channel deposits.
Commonly, the grain size decreases upward from coarse to medium in the eastern part of the
basin and to medium to fine in the western part of the basin (Houseknecht, et al., 1983).
Trough and planar cross bedding locates predominantly in the lower portions of this
facies which is the most common sedimentary structure while horizontal bedding occurs in the
middle to upper portions of this facies. The trough cross bed sets have thickness from 10 to 70
cm with the deposition of plant fragments indicate deposition in the upper part of the lower flow
regime. Planar cross beds were formed by a shear force by fluvial discharge on soft sediments
and horizontal bedded sandstones are suggestive of lower part upper flow regime in fairly
shallow currents.

Figure 16. Hartshorne distributary channel facies and sedimentary structures at the Greenwood
outcrop along the west side of highway US 71. Photo by Yin, 2016.
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Interdistributary-Bay
Interdistributary bay facies is located at lower areas between distributary channels and
open to the sea. It is the shallow water and low energy environment (Figure 17). As the
important hydrocarbon source rock, interdistributary bay sediments are from suspension carried
by tidal currents during flood periods. They are rich in organic materials especially plant debris.
Both lenticular and parallel laminated siltstones and mudstones are common in this facies.
Hartshorne interdistributary bay facies consist of dark gray to black shales interbedded
with siltstones. The slightly coarsen upward sequence reflect crevasse splay and overbank
flooding processes. With the overbank flooding, sediments deposit laterally away from adjacent
distributary channels fining from micro cross and parallel bedded sandstone to a shaly facies.
Parallel bedding of siltstone is predominant sedimentary structure in the Hartshorne
interdistributary bay facies and minor bioturbation displays locally.

Figure 17. The interdistributary bay facies of the Hartshorne outcrop at Greenwood. View is to
the west. Slightly coarsen upward sequence can be noted. Photo by Yin, 2016.
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Crevasse-Splay
Crevasse-splay facies commonly occur in lower delta plains within interdistributary areas
next to active distributary channel facies (Figure 17). During flooding period, since fluvial
currents overbrimmed from natural levees, sediment-laden water is dispersed into
interdistributary areas and progressively form a fan-shaped deposition at the outer edges of flood
plain. Deposits are comprosed of shale, siltstone and moderate sorted, coarsen upward sequences
of fine to medium sandstone. It commonly displays as lenticular to flaser bedded sandstone and
siltstone in the section with the average thickness of 3-4 meters.
Hartshorne crevasse-splay facies conformably overlie distributary channel and delta-front
facies that consist of coarsen upward sequences of lenticular siltstone laminae at the base, flaser
and micro cross bedded siltstone as well as fine grained sandstone at the middle and trough and
planar cross bedding at the top (Steyaert, 1980). In the Hartshorne Formation, the interfinger
characteristic of crevasse-splay facies and interdistributary-bay facies is common.
Marsh and Swamp
In general, marsh and swamp facies occupy approximately 90 percent area of delta plain.
Plant debris are predominant in this facies and lithologically, they comprise dark colored,
organic-rich shale and coal beds.
The lower and upper Hartshorne coal bed that are assigned to the McAlester Formation
has evidences of a marsh and swamp depositional environment. The lower Hartshorne coal bed
is described as the thickest and the most economically important coal bed (Haley, 1977). The
Hartshorne No. 1 coal bed is limited in occurrence and relatively thin with the thickness of less
than 50 cm in the Greenwood exposures (Figure 18). As illustrated in Figure, there is a sediment
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interval consists of silty shale with thin sandstone between two Hartshorne coal beds which is
laterally equivalent to the upper Hartshorne member in Oklahoma.

Hartshorne No. 1 Coal

Figure 18. The Hartshorne No. 1 coal bed at the Greenwood Hartshorne exposure indicates the
development of marsh and swamp. View is to the west. Photo by Yin, 2016.
5.3 Paleocurrent Analysis
The paleocurrent analysis is based on previous authors’ work and it can prompt to
interpret the transport directions and dispersion of sediments. Paleocurrent data also indicate
trends of sand bodies geometry which is northeast-southwest and southeast-northwest. From the
paleocurrent map created by Kuhn (1980), fluvial channels provide unidirectional sediments
transport from the north, northeast, south and southeast to the eastern Arkoma Basin.
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5.4 Characters of the Hartshorne Delta System
The Hartshorne deltaic facies were deposited in a highly constructive (fluvial dominated),
tidally influenced delta system with sediments transported from east to west. There are some
features that indicate a strong fluvial influence, such as the occurrence of crevasse-splay facies.
Several cross bedded sedimentary structures corresponding to fluvial processes and paleocurrent
analysis. The prodelta facies, which is thick, and the absence of fossils suggest a high
sedimentation rate. The Hartshorne deltaic sediments reworked by tidal currents is reflected by
ripple and flaser bedded sedimentary structures in delta front as well as flaser and wavy bedded
structures in middle portion of crevasse-splay and interdistributary-bay facies. In lower delta
plain facies, the presence of upper Hartshorne coal bed suggests the development of marshswamp facies.

5.5 Stratigraphic Associations
Within the study area, the upper Atoka, Hartshorne and the lower McAlister Formations
constitute the completed Hartshorne delta depositional system. The uppermost Atoka Formation
with very fine grained sediments represents the prodelta facies conformably underlies but eroded
by distributary channel facies and have gradations with overlying delta front and interdistributary
-bay facies in the Hartshorne Formation. The upper Hartshorne coal bed defines the lower
boundary of the McAlester Formation in the study area.
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6. HARTSHORNE PETROGRAPHY

6.1 Provenance
Dickinson (1970) emphasized that careful examination of detrital grains and detrital
textures is required for reconstruction of sandstone petrogenesis.
Dickinson and Suezek (1970) noted the close connection between different provenances
as well as tectonic history and different detrital compositions. Thus, provenance overall controls
the sandstone composition and varies with source area characteristics such as lithology, climate
and grain size. Dickinson and Suezek (1979) also mentioned three major tectonic provenances
that primarily influence sandstone compositions: continental block, magmatic arc and recycled
orogen. Other authors (Blatt, 1967; Young, 1976; Basu et al., 1975) used quartz types to
determine source rocks and provenance.

6.2 Grain Size
The measurement of grain size of thin sections is involved in this study. Choosing several
typical thin sections from the Hartshorne Formation collected at the westernmost and
easternmost part of study area and measuring the grain size can help to compare and understand
the grain size variation. This is an important tool to determine if there is a systematic geographic
variation, then to find the changing pattern of grain size can suggest a depositional environment
and deeper understand the transportation process as well as petrogenesis.
In each thin section, a total of 50 grains were randomly selected to measure the maximum
diameter. While moving the thin section on the stage, the grains immediately under the cross
point were measured to obtain an average size. In order to compare the size variation within
different positions, choosing sections that have at least 3 thin sections is important.
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Table 1. Selected thin section and grain size measured
Thin section& feet

Grain size(mm)

Thin section& feet

Grain size(mm)

1-0’

0.151

15-15’

0.169

1-10’

0.145

15-65’

0.182

1-35’

0.148

15-105’

0.224

1-40’

0.156

20-10’

0.049

6-0’

0.086

20-22’

0.035

6-30’

0.143

20-40’

0.103

8-10’

0.265

20-130’

0.115

8-30’

0.192

18-70’

0.149

8-60’

0.145

21

0.053

The table above shows the grain size measured for selected thin sections that are located
at the northern, eastern, western, southern and central part within the study area respectively.
From this table, section 8 which near the west end of the study area is comprised of the
coarsest materials with the grain size ranges from 0.145mm to 0.265mm from bottom to top.
Section 6 contains much finer grains although it is located at the west end. At the east end of the
area, section 15 consists of slightly finer grains than west part, the average grain size ranges from
0.224mm at bottom finer upward to 0.169mm at top. The difference between western and eastern
part, the grain size of other areas may help to define the change. Section 20, which is located to
the south of the area shows a distinct difference. The maximum size of section 20 occurs at
bottom of 0.115mm and finer upward to top of approximately 0.04mm, it indicates that the grain
size to the south of study area becomes finer. In order to find the change to the north, select
section 1 as the next target area to measure the grain size may help. The table above also shows
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the grain size of 4 thin sections at section 1 in different positions and the smaller data illustrates
that the grain becomes slightly finer northward.
Lines (1956) measured all samples within the same study area and the isopleth maps
drawn based on his data revealed variation patterns showing that the coarsest materials are
concentrated along the west-east axis and progressively fining to the north and south which is the
same conclusion as my analysis. In addition, according to his grain size data of section 13 that is
located on the west-east axis at the central part of the area and three isopleth maps of top, middle
and bottom, the maximum size grains migrate eastward from the base to the top of the formation,
which means the coarsest material of the base occurs in the western area, and it is at the same
place of section 13 in the central portion in the middle as well as at the top, while the coarser
grains area has broadened from only northwestern to an extent that the majority of the sections
have almost the same size except for those to the northernmost and southernmost area.

6.3 Hartshorne Sandstone Diagenesis
Hartshorne sandstones are very fine to medium grained, moderately to well sorted,
compositionally and texturally mature. In the Hartshorne Formation, sandstones have
experienced a significant compaction and pressure solution indicated by internal fabric.
Hartshorne sandstone samples show that labile mineral grains were bent and squashed by rigid
grains and occupied pore spaces. Quartz cement is the most abundant cement type and can be
described as syntaxial overgrowths.
The porosity of typical Hartshorne sandstone is about 3.0% and almost entirely secondary
porosity produced by dissolution of unstable sedimentary grains, matrix, pore-filling cement and
authigenic minerals. Grain size distributions are unimodal within each sample. All samples
contain the average of more than 80 percent total quartz with metamorphic lithic fragments
32

comprising the second most abundant detrital mode. Feldspars generally constitute less than 5
percent of the detrital mode (Houseknecht, 1984).

6.3.1 Quartz
Monocrystalline Quartz
Based on point counting results, monocrystalline quartz comprises approximately 73.5%
of the total volume of Hartshorne sandstone that with the range from 68.5 to 80.1% (Appendix
B). As the percentage of monocrystalline quartz increases, the corresponding metamorphic rock
fragments and feldspar content decreases. In addition, monocrystalline quartz content directly
controls the sandstone grain size as well as its sorting, monocrystalline quartz increases along
with the decrease of grain size of the sand (R2= 0.903, Figure 19).
Monocrystalline quartz grains show gradations from unit to strongly undulose extinction.
The quartz grains are commonly characterized by strongly undulose and well developed strain
lamellae are also can be seen in thin sections (Figure 20a). Undulose extinction in detrital quartz
can be attributed to deformational stress exerted during or after crystallization of source rocks. In
Figure 20a, the combination of strained quartz grain and the appearance of pressure solution
characterizes the deformation. Another photo of sub-rounded, medium sized monocrystalline
quartz grains with abundant microlites can be seen Figure 20b. Some well-rounded detrital
quartz grains with overgrowths are indicators of multi-cycled sedimentary quartz. Comparing
thin section samples from five regions in the study area, the percentage of sub-rounded grains in
section 15 located easternmost are more than other regions.
Quartz Cement
Authigenic minerals are formed during diagenesis at the place where it is observed by
precipitation from fluids or recrystallization instead of being transported from somewhere else
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then deposited. Authigenic quartz is the major diagenetic mineral in Hartshorne sandstones. And
quartz cement represents the principle authigenic quartz accounts for a mean value of 7.2% of
the total rock volume and ranges from a minimum of 4.2% to a maximum of 10.4%. A positive
correlation shows that as the grain size in Hartshorne sandstones increases, the percentage of
authigenic quartz cement increases (R2=0.875, Figure 21). Some quartz cement characters are
illustrated in Figure 22.
Hartshorne sandstones are characterized by clear, monocrystalline quartz that appear as
complexly interlocked grains. Fluid inclusions are rare and grain rounding is not evident. The
interlocked character of the grains in complexes that are abnormal for fluid-sedimented grains
indicates that quartz cement is abundant and that clay or hematite boundaries that usually
separate the cement from the host grains are absent. Existing porosity was infilled by cement
during diagenesis (Figure 22a ).
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Figure 19. Plot of correlation between monocrystalline quartz percentage and mean grain size of selected thin
section samples. R2=0.903 which is close to 1 represents the linear correlation between mean grain size and
monocrystalline quartz content.

Strained lamellae

Figure 20(a). Character of strained lamellae shown in monocrystalline quartz. The combination
of strained quartz grain and the appearance of pressure solution characterizes the deformation.

Figure 20(b). Sub-rounded, medium sized monocrystalline quartz grains from Chismville
section, abundant microlites are included when it formed can be seen in the cross-polarized light
photomicrograph.
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Figure 21. Plot of correlation between quartz cement percentage and mean grain size of selected thin
section samples. R2=0.875 represents an approximately increasing linear correlation between mean grain
size and quartz cement percentage.

Figure 22(a). Grain boundaries are obscure by pressure solution and pore-filling quartz cement.

B

Figure 22(b). Tracks of fluid inclusions that trend across monocrystalline quartz. They are
microscopic bubbles of liquid and gas that are trapped within crystals. This photomicrograph
shows the tracks of fluid inclusions, that stop at the original grain boundary (B), the quartz
cement formed later.
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B

Figure 22(c). This photomicrograph displays tracks of fluid inclusions that are across the
monocrystalline quartz. Quartz cement formed outside of original boundaries.

B

Figure 22(d). This photomicrograph displays the primitive formation of monocrystalline quartz
and how quartz cement developed around them within pore spaces. Letter “B” shows the
position of original grain boundaries.

39

6.3.2 Rock Fragments
Hartshorne sandstones consist of several different types of sedimentary and low grade
metamorphic rock fragments.
Polycrystalline quartz of sand size, especially if with more than five individual crystals
are present, and is an indicator of a metamorphic source. For this study, in Hartshorne
sandstones, polycrystalline quartz has several varieties, they are identified in some thin section
samples as chert or low to medium grade metamorphic quartzite grains but not as much as other
rock types. The amount of various polycrystalline quartz types strongly depends on the lithology
of source areas that conduce to detritus distribution within the Arkoma Basin. Based on my point
counting results, although the number of chert and polycrystalline metamorphic quartz is too
small to compute the percentage of total rock volume then do the regression analysis, there is a
trend shows that sandstones derived from source areas to the north represent a predominance of
chert over metamorphic polycrystalline quartz while those derived from source areas to the south
and east within the study area have more metamorphic polycrystalline quartz than chert. What’s
more, the abundance of polycrystalline quartz is significantly related to mean grain size, as that
the amount of polycrystalline quartz increases with the increasing of mean grain size. Most of
them are finely crystalline and represent the texture which suggests a metamorphic source. The
unique character of mosaic aspect and extinction by individual crystallite unit make it easy to
identify. Comparing the amount of chert, metamorphic polycrystalline quartz and feldspar, there
is a positive relationship between chert and polycrystalline quartz while exists the negative
relationship between chert and feldspar.
Another variety characterized by coarser polycrystalline quartz that resembles schistose
and sheared medium grade metamorphic quartz as Folk (1974) described. This type of
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polycrystalline quartz has slight to strongly undulose extinction and these lamellar minerals are
foliated with micas, chlorites and others.
Labile metamorphic rock fragments can be identified through their internal foliated
texture and mineral compositions. Typical metamorphic rock fragments of the Hartshorne
sandstones are from low graded metamorphic origins and characterized by the source lithology
of slate or phyllite. Finely crystalline rock fragments such as slate, are commonly comprised of
chloritic and sericite with internal foliation, while coarser crystalline rock fragments
predominantly consist of quartz and feldspar (Kuhn, 1981). The compaction processes have
promoted a large proportion of metamorphic rock fragments to be deformed. However, in the
study, the metamorphic rock fragments can’t be identified as much as other rock types within
limited thin section samples.
Sedimentary rock fragments have the predominant compositions of shale, siltstone,
mudstone and coal clasts. High clay content makes it have a dirty appearance under microscopic.
As analyzed thin section samples, these sedimentary rock fragments were broken and derived
from host rocks then redeposited within the Arkoma Basin, which can represent the
intraformational feature. What’s more, sedimentary rock fragments only take up a very little of
constituents (approximately 1%) in Hartshorne Sandstones that can’t be recorded within the
limited sample size. Figure 23 gives some examples of rock fragments.

41

Chert

Polycrystalline quartz
Figure 23(a). Chert and polycrystalline quartz are both illustrated in this microphotograph. Chert
is formed with tons of tiny crystals of quartz and polycrystalline quartz is formed with finely
crystal units that have serrated boundaries.

Figure 23(b). The photomicrograph illustrates a quartz clast composed of fine, sub-rounded
polycrystalline quartz and several fine, angular monocrystalline quartz from the Coal Hill
section.
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Chert

Schist

0.3 mm

Figure 23(c). This sample contains fine grained chert and schist. The chert grain is uniformly
microcrystalline quartz, but the schist consists of muscovite and quartz. Schist at right between
two quartz grains are slightly squished by compaction.

Schist

Figure 23(d). A metamorphic rock fragment schist that is surrounded by fine, monocrystalline
quartz. The schist grain consists of micaceous minerals and quartz.
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Phyllite

Figure 23(e). A crushed metamorphic rock fragment of micaceous phyllite, associated with fine,
angular quartz grains in the cross-polarized photomicrograph. The phyllite shows the
characteristic that it only contains muscovite.

Phyllite

Figure 23(f). Angular, medium sized monocrystalline quartz and metamorphic rock fragment of
micaceous phyllite. The photomicrograph illustrates well-defined foliation.
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6.3.3 Feldspar
Based on the point counting results, feldspars make up only approximately 1% of the
total Hartshorne sandstones volume (Appendix B), which is so small that can’t be identified in
every thin section sample. However, feldspars can be recognized as plagioclase, microcline and
orthoclase in Hartshorne sandstones, in which plagioclase and microcline feldspars are
distinguished on basis of their twinning characters. Microcline can be identified as gridiron
twinning while plagioclase shows strip-like twinnings that are parallel and usually trend in a
single direction. Since feldspars are far less stable than quartz in source areas where chemical
weathering is moderate to intense, feldspars appear less rounded and finer grained than
monocrystalline quartz grains. Microcline is slightly more resistant to alteration than orthoclase
and plagioclase and the spindle shape of the twin planes can be used to identify this mineral if
only one set of twinning shows on the plane. Orthoclase feldspars often can be easily found with
alteration and blocky appearance without twinning. Many of the feldspars were analyzed to
occur dissolution along cleavage or twin planes. Although the number of feldspars is too small to
do the regression analysis, there is still a variation that with the grain size increases, feldspar
content slightly decreases. Figure 24 shows some microphotographs of feldspar such as
plagioclase and orthoclase in Hartshorne sandstones.
In Figure 24(b), the orthoclase displays a cloudy appearance due to alteration. During the
transportation process, minerals may experience various natural processes that could alter their
chemical compositions or crystallography. Mineral alteration process is essentially controlled by
energy preservation and environment conditions. Orthoclase, which is the alkali feldspar, is often
altered to the clay mineral of illite and kaolinite (Al4[Si4O10]·(OH)8). Chemical weathering is the
principle process that involves changing in both chemical and mineralogical compositions of
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rocks. Minerals are influenced by water and dissolved atmospheric gasses including oxygen,
carbon dioxide, the interaction among these substances may cause some components in minerals
to be dissolved even change their molecular structures. Major chemical weathering processes
include hydrolysis, hydration and dehydration, oxidation, solution, ion exchange and chelation.
Hydrolysis is an extremely important chemical reaction that a substance is chemically
broken when combined with water, and it more often happens between minerals and rainwater. It
is also a primary process that silicate minerals and decomposed during weathering. The most
common example of hydrolysis is between silicate minerals and acids which contains abundant
H+ ions, metal ions. Silica will be released, especially in feldspars. If aluminum is present in
minerals undergoing weathering, clay minerals such as kaolinite, illite and smectite may form as
a byproduct of hydrolysis which weakens the rock. Kaolinization is known as the alteration of
alkali feldspar to the clay mineral kaolinite under the influence of acidic solutions. CO2 can
dissolve into water and dissociate H+ ions to increase the acidity
(CO$ + H$ O ↔ H$ CO( ↔ H ) + HCO*
( ), thus, more CO2 that is dissolved in water will promote
the hydrolysis reaction. Although most of the silica goes into solution as silicic acid (H4SiO4),
during hydrolysis, some of the silica my separate as colloidal or amorphous SiO2 during
weathering and combine with aluminum to form clay minerals or crystallize into tiny grains of
quartz. Orthoclase feldspar can commonly break down to form kaolinite or illite, plagioclase
feldspar can decompose to yield kaolinite or smectite (Boggs, 1995), as illustrated in the
following reaction:
2KAlSi3+2H++9H2O→H4Al2Si2O9+4H4SiO4+2K+
2NaAlSi3+2H++9H2O→H4Al2Si2O9+4H4SiO4+2Na+
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Microcline

Figure 24(a). A microcline is shown in this microphotograph. Gridiron twinning can easily
characterize it. Lamellae in microcline are discontinuous and “pinch and swell”.

Plagioclase

Figure 24(b). A plagioclase is shown in this microphotograph. It can be identified because of it
parallel, strip-like twinning in single direction. There are micaceous minerals intergrown around
its margins.
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Plagioclase
0.3 mm

Figure 24(c). Another example of plagioclase. Unidirectional, strip-like twinning can be seen to
identify it.

Orthoclase

Figure 24(d). An example of orthoclase feldspar in Hartshorne sandstones. Alteration, blocky
appearance and lack of twinning make it easy to be identified.
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6.3.4 Other Detrital Grains
In thin sections, detrital micas with colorful sheen make them to be highly distinctive.
Zaengle (1980) demonstrated that these minerals are more concentrated along visible bedding
planes. They account for a mean value of less than 1% of the total rock volume (Appendix B).
Among all micaceous minerals in Hartshorne sandstones, muscovite is the most abundant type
and is commonly squashed due to compaction processes and appears cleavages on their surfaces.
Based on microscopic analysis, hand samples that are collected from areas with finer grains that
are friable contain apparently more amounts of detrital micas (Figure 25a, 25b, 25c).
Heavy minerals also can be noticed in Hartshorne sandstones and they have a mean value
of less than 1% of the rock volume. They usually can be found along bedding planes and
stylolites where pressure dissolution always occurs. Heavy minerals in Hartshorne sandstones
can be divided into opaque and non-opaque, leucoxene is predominant of opaque minerals and
non- opaque minerals include zircon, tourmaline and rutile. For the most part, heavy minerals are
rounded associated with well- rounded grains, in this study, section 15 which at the eastern most
region within study area. This character can suggest that these grains are products of multicycles
of sedimentary processes which were transported through a long distance from their initial
source rocks (Figure 25d, 25e, 25f).
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Q

Figure 25(a). A fine monocrystalline quartz grain (Q) with micaceous minerals intergrown
around its margins.

Muscovite

Figure 25(b). A muscovite grain displaying cleavage surrounded by medium sized
monocrystalline quartz. The muscovite was deformed by compaction.
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Muscovite

Figure 25(c). A grain of detrital muscovite displaying cleavage traces. The grain is surrounded
by fine monocrystalline quartz grains. Muscovite is usually colorless in plane-polarized light and
shows highly colored in cross-polarized light.

Zircon

Figure 25(d). Elongate crystal of zircon. In cross-polarized light, the zircon exhibits dipyramidal
prismatic form while under plane-polarized light, it is transparent crystal-like.
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Tourmaline

Figure 25(e). A grain of tourmaline under plane-polarized light. Tourmalines are among the
group of ultrastable heavy minerals that are commonly found in sediments. This shell like
tourmaline grain displays colorless in plane-polarized light.

Rutile

Figure 25(f). Rutile commonly occurs as needle-like inclusions. In this example, rutilated quartz
grain is found in Dardanelle section in the eastern most part of the study area.
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6.3.5 Porosity
According to point counting results, the porosity in Hartshorne sandstones have a mean
value of 5.5%, with a minimum of 3.7% and reach a maximum of 8.6% and the secondary
porosity accounts for the most part of porosity. Figure suggest the regression analysis between
mean grain size and porosity percentage that porosity is higher where the grain size is bigger.
In thin sections, porosity is dominated by dissolution porosity which is the product of
partially or completely dissolved detrital grains. Among them, detrital feldspars are the most
part of grains that have undergone extensive dissolution in samples since they are not stable
enough. The dissolution process can affect up to the entire grain and feldspar grains always show
initial dissolution along cleavage or twin planes (Zaengle, 1980). What’s more, the more
dissolution at the core of feldspar grains than outer portions may imply the compositional
different between the grain center and rest of the grain. While metamorphic rock fragments
commonly display the dissolution along foliations (Kuhn, 1981).
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Figure 26. Plot of correlation between porosity percentage and mean grain size of selected thin sections.
The linear regression parameter R2=0.555, which indicates a not good increasing linear relationship between
mean grain size and porosity percentage.

7. CONCLUSIONS
The Hartshorne Sandstone is a quartzose phyllarenite composed of quartz, lithic
fragments and a variety of accessory minerals. The quartz is largely monocrystalline with few
fluid inclusions. Lithic fragments composed largely of phyllite and indurated shale are abundant.
The mineral constituents of the sandstone are consistent with constituents abundant in the
Stanley and Atoka formations of the frontal Ouachita Mountains. There is an absence of rounded
quartz grains and chert, common sandstone constituents in the Ozark region north of the basin,
pointing to a source in the Frontal Ouachita Mountains to the south.
Transport directions for the Arkoma Basin Atoka and the Ouachita Stanley sandstone
units were from north to south into the Ouachita trough and the developing Arkoma Basin. This
and a few other studies indicate that this transport direction changed to an east to west pattern
during early Hartshorne deposition. The recognition of a southern source for the Hartshorne
sediments based on the mineralogical conclusions presented here radically changes the
paleogeography of the Arkoma Basin. The beginnings of Frontal Ouachita uplift terminated the
north to south pattern of sediment dispersal and confined the Hartshorne River system to a west
flowing direction. Smaller river systems delivered sediment into the Hartshorne river system
providing a source for the metamorphic and sedimentary lithic fragments.
Diagenetic features in the Hartshorne sandstones include pervasive quartz cement. Lithic
fragments and muscovite grains are deformed by compaction that occurred before quartz
cementation created a rigid structure. Stylolite formation is rare but present indicating that
compaction and pressure solution occurred probably late in Hartshorne history during Ouachita
orogenesis.
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APPENDIX A. LIST OF SAMPLE EXPOSURES
Section Name
Harmony
Hagarville
Mill Creek

Coal Hill
Hackett

Jenny Lind

Backbone Ridge

Big Creek Narrows

Chismville
Paris

Subiaco

Section No.
1
1
1
2
2
3
3
4
4
4
6
6
7
7
7
7
7
8
8
8
9
9
9
9
10
10
10
11
11
12
12
12
12

Feet
10'
35'
40'
30'
65'
0'
30'
0'
20'
50'
0'
30'
10'
20'
40'
50'
90'
10'
30'
60'
10'
30'
80'
130'
0'
40'
40'
70'
130'
0'
70'
70'
98'

Section Name
Cove Lake

Delaware

Dardanamelle

Huntington

Magazine
Mt. Magazine

Spring Lake

Elm Park

Sugar Creek
Blue Mt. Lake

60

Section No.
13
13
13
13
14
14
15
15
15
16
16
16
16
16
17
18
18
18
18
19
19
20
20
20
20
20
21
22
22
22

Feet
60'
70'
90'
127'
50'
130'
15'
65'
105'
10'
20'
40'
100'
200'
45'
0'
15'
70'
140'
18'
70'
10'
22'
40'
100'
130'
0'
0'
68'
190'

APPENDIX B. POINT COUNTING RESULTS

Point Counting For Thin Section 1-1
Compositions
Poly-quartz(Qp)
Mono-quartz(Qm)

Count

Point Counting For Thin Section 1-1

Percentage

Compositions

2

Poly-quartz(Qp)

225

70.3%

Plagioclase(Fp)

2

Microcline(Fm)

1

Chert

3

Matrix

16

5%

Quartz Cement

24

7.5%

MRF

20

6.4%

Muscovite

4

Porosity

23

Total

320

Mono-quartz(Qm)

7.2%

1
234

72.4%

2

Plagioclase (Fp)

1

Chert

2

Matrix

16

5%

Quartz Cement

26

7.9%

Porosity

16

4.5%

MRF

21

6.5%

Muscovite

3

Zircon

1
323

Point Counting For Thin Section 21

Point Counting For Thin Section 1-1

Mono-quartz(Qm)

Percentage

Microcline(Fm)

Total

Compositions

Count

Count

Percentage

226

72.4%

Compositions
Mono-quartz(Qm)

Count

Percentage

266

78.3%

Plagioclase(Fp)

2

Microcline(Fm)

1

Chert

2

Plagioclase(Fp)

1

Matrix

12

3.9%

Chert

1

Quartz Cement

25

8%

Matrix

15

4.4%

Orthoclase

1

Quartz Cement

16

4.7%

MRF

19

MRF

24

7%

Muscovite

2

Muscovite

2

Porosity

23

Porosity

14

Total

312

Total

340

6.1%

4.2%

61

4.1%

Point Counting For Thin Section 6-1

Point Counting For Thin Section 6-2

Compositions

Count

Percentage

Mono-quartz(Qm)

266

78.3%

Compositions

Count

Percentgae

Poly-quartz(Qp)

2

Microcline(Fm)

1

Chert

1

Plagioclase(Fp)

1

Mono-quartz(Qm)

248

75.2%

Chert

1

Matrix

14

4.2%

Matrix

15

4.4%

Quartz Cement

21

6.4%

Quartz Cement

16

4.7%

MRF

21

6.4%

MRF

24

7%

Muscovite

3

Muscovite

2

Porosity

20

Porosity

14

Total

330

Total

340

4.1%

Point Counting For Thin Section 15
Compositions
Mono-quartz(Qm)

Point Counting For Thin Section 18-3

Count

Percentage

219

68.5%

Plagioclase(Fp)

1

Matrix

16

4.9%

Quartz Cement

33

10.4%

Poly-Quartz(Qp)

3

Chert

2

MRF

15

Muscovite

2

Porosity

28

Orthoclase

1

Total

6.1%

Compositions
Poly-quartz(Qp)
Mono-quartz(Qm)

4.8%

8.6%

320

Percentage

2
201

70.8%

Chert

1

Plagioclase(Fp)

1

Matrix

13

4.6%

Quartz Cement

24

8.3%

MRF

16

5.5%

Muscovite

2

Porosity

23

Zircon

1

Total

62

Count

284

8.1%

